The present study was carried out to investigate the antihypertensive effect of a folklore herbal formulation (HF) (300mg/kg/day; p.o.) in deoxycorticosterone acetate (DOCA)-salt induced and fructose induced hypertensive rats. In DOCA model, DOCA (15 mg/kg, s.c., twice a week) was administered to unilateral nephrectomized rats for 4 weeks. In fructose model, drinking water was replaced with 10% fructose solution for 6 weeks to induce hypertension. Systolic blood pressure (BP) was measured once every week during the treatment schedule. After completion of treatment schedule, BP and vascular reactivity to various agonists like Noradrenaline, Adrenaline, Phenylephrine and Serotonin (5-hydroxytrptamine; 5-HT) were recorded in rats of both models. A cumulative concentration response curve of 5-HT was carried out in isolated rat fundus strip of the DOCA-salt induced and fructose induced hypertensive rats. The results tend to suggest that HF possesses antihypertensive activity.
INTRODUCTION
Hypertension is the most common cardiovascular disease and is a major public health issue in developed as well as developing countries. Although it is common and readily detectable, it can often lead to lethal complications if left untreated. Various classes of drugs and regimens have been advocated for the control of hypertension because of its high incidence and morbidity. Despite the large armamentaria of drugs being available for the treatment of hypertension, the last two decades have witnessed the introduction of a number of new antihypertensive drugs (Badyal et al., 2003) . It has been hypothesized that 5HT 2B receptor is upregulated and necessary for maintaining elevated blood pressure (BP) in rats made hypertensive by deoxycorticosterone acetate (DOCA) and N-nitro-L-arginine methyl ester (NAME) (Banes and Watts, 2003) . High fructose or high sucrose diets have been documented to increase BP in experimental rats (Bunnag et al., 1997; Cosenzi et al., 1999) . Numerous drugs from plants have also been used in the treatment of hypertension. Solanum sisymbriifolium (Ibarrol et al., 1996) , Spergularia purpurea (Jouad et al., 2001) , Croton schiedeanus (Guerrero et al., 2001) , Bidens pilosa (Dimo et al., 2001) , Stephaniae tetrandrae (RAO, 2002) , Trigonella Foenum-greacum (Balaraman et al., 2006) are some of the plants used in hypertension.
In the traditional system of medicine, herbs have been used in combination. Drug combination ensures synergism and helps to overcome the side effects of each other (Shah et al., 1997) . The enormous amount spent on herbs clearly suggests the importance of herbs in pharmacotherapy (Sharma, 2004) . The folklore herbal formulation (HF) consists of Glycyrrhiza glabra, Nelumbo nucifera, Zingiber officinale, Eclipta alba, Hibiscus rosasinensis, Hemidesmus indicus, Rosa damascena, Quercus infectoria and Terminalia chebula. Some of these ingredients have been proved to have beneficial effects on cardiovascular system (Inamadar and Rajarama, 1962; Mishra et al., 1999; Gupta et al., 1976) . The present study is aimed to evaluate whether a folklore HF is effective in preventing DOCA-salt and fructose induced hypertension in rats.
MATERIALS AND METHODS

Animals
Wistar rats of either sex (150 -200 g) were obtained from Serum Institute, Pune. Animals were housed into groups of five at an ambient temperature of 25 ± 1 o C. Animals had free access to food and water. They were then trained for a week to become accustomed to the procedure of indirect BP measurement. The Institutional Animal Ethical Committee (IAEC) approved the protocol of this study.
Drugs and chemicals
Noradrenaline (NA), Adrenaline (Adr), Phenylephrine (PE), 5-HT, DOCA and urethane were purchased from Sigma (USA). Fructose was obtained from Merck (India). DOCA was dispersed in cottonseed oil. Urethane and fructose solutions were prepared in distilled water. HF (300 mg/kg/day p.o.) was prepared in distilled water and administered orally. All drug solutions were prepared in normal saline. 1% NaCl and 0.2% KCl were freshly prepared in distilled water.
Induction of hypertension DOCA-salt induced hypertension Hypertension was induced experimentally in female rats (150 -200 g) by unilateral nephrectomy (Nakagawa and Nasjletti, 1988) . Rats were anaesthetized with diethyl ether and a lateral incision was made in the area overlapping the kidney. The kidney was pulled up and the artery was tied with thread. It was then removed with scissor. The incision was sutured and closed with Michel clips. All operated rats received an injection of ampicillin (10 mg/kg, i.m.) daily for 5 days. Neosporin powder (GlaxoSmithKline) was applied locally to prevent infection. A week later, DOCA (15 mg/kg, twice a week; s.c. for 4 weeks) dispersed in cottonseed oil was injected to unilaterally nephrectomized rats. A solution of 1% saline + 0.2 % KCl was given ad libitum as drinking water.
Fructose induced hypertension
Hypertension was induced experimentally in male Wistar rats (150 -200 g) by high fructose diet (Fructose 10% w/v) ad libitum for 6 weeks. Fructose solution was prepared every 2 days by dissolving the fructose in distilled water (Vogel, 2002 
Measurement of BP Measurement of BP by noninvasive (indirect) method
For arterial BP measurement using tail cuff method, rats were trained for at least one week until the BP was steadily recorded with minimal stress and restrain. The first cardiovascular parameters were discarded and mean of five or six subsequent measurements were recorded. Systolic BP was measured weekly for 4 weeks by indirect noninvasive tail-cuff method using PowerLab/4sp (ADInstrument, Australia).
Measurement of BP by invasive (direct) method
After completion of the treatment schedule, rats from each group were anesthetized with urethane (120 mg/100g). Femoral vein was cannulated with fine polyethylene catheter for administration of the drug. Tracheostomy was performed and BP was recorded from left common carotid artery using pressure transducer by direct method on Chart data system. Heparinised saline (250 IU/ml) was filled in the transducer and in the fine polyethylene catheter cannulated to the carotid artery to prevent clotting. After 30 min of stabilization, BP and vascular reactivity to NA (2 µg/kg), Adr (2 µg/kg), PE (2 µg/kg) and 5-HT (2 µg/kg) were recorded.
In vitro studies After completion of treatment schedule in the DOCA-salt induced and fructose inducedhypertensive groups, individual rat were sacrificed. The fundus was removed and placed in Krebs solution. The physiological salt solution had the following composition (mM): NaCl, (118); KCl, (4.7); CaCl 2 , (2.5); MgSO 4, (1.2); NaHCO 3, (25); KH 2 PO 4 , (1.2); and Glucose, (11). The physiological salt solution had a pH of 7.4. It was warmed to 37C and aerated with 95% O 2 and 5% CO 2 (Carbogen). One end was tied to an aerator tube and the other end to the frontal writing lever. Each strip was placed under optimum resting tension (1.5 g) and allowed to equilibrate for 30 min with frequent changes of Krebs solution at 10 min interval. Cumulative concentration response curve (CCRC) of 5-HT was recorded for 90 s for each tissue preparation on Sherington's recording drum.
Statistics
The mean ± S.E.M. values were calculated for each group. One-way ANOVA followed by Dunnett's multiple comparison tests were used for statistical analysis. Values of p < 0.05 were considered statistically significant.
RESULTS
Antihypertensive effect of HF (300 mg/kg) on DOCA-salt induced hypertensive rats Measurement of BP by noninvasive (indirect) method The systolic BP in sham control rats was observed in a close range. Administration of DOCA significantly increased SBP from 106.7 ± 1.27 mmHg to 175 ± 3.17 mmHg. HF when administered with DOCA, significantly (p < 0.05) reversed the hypertensive effects of DOCA. HF did not exhibit any significant change in systolic BP. Administration of HF (300 mg/kg/day, p.o.) for 4 weeks in DOCA-salt induced unilateral nephrectomised hypertensive rats significantly reduced the systolic BP as compared with DOCA-salt induced hypertensive rats alone, implying an antihypertensive effect of HF (Fig. 1) .
Measurement of BP by invasive (direct) method
Administration of DOCA for 4 weeks in unilateral nephrectomized rats produced a significant elevation (p < 0.05) in mean arterial BP (MABP) (130.66 ± 10.84 mmHg) as compared to sham control rats (99.00 ± 4.00 mmHg). Chronic administration of HF (300 mg/kg/day, p.o.) for 4 weeks did not alter BP as compared to sham control. However, chronic administration of HF (300 mg/kg/day, p.o.) for 4 weeks, in unilateral nephrectomized DOCA-salt treated hypertensive rats significantly (p < 0.05) reduced mean arterial BP (92.33 ± 5.78 mmHg) as compared with MABP (130.66 ± 10.84 mmHg) of DOCA-salt hypertensive rats implying an antihypertensive effect (Fig. 2a) .
Effect of HF (300 mg/kg/day, p.o.) for 4 weeks on vascular reactivity to NA, Adr, PE and 5-HT in DOCA-salt hypertensive rats Presssor responses to NA, Adr, PE and 5-HT were not altered in case of HF (300 mg/kg/day, p.o.) treated rats as compared with sham control rats. Pressor responses to NA, Adr, PE and 5-HT were significantly (p < 0.05) increased in case of unilateral nephrectomized DOCA-salt treated hypertensive rats as compared with sham control rats. Pressor responses to 5-HT were significantly (p < 0.05) reduced in case of unilateral nephrectomized DOCA-salt treated rats that received HF (300 mg/kg/day, p.o.) for 4 weeks as compared with DOCA-salt treated hypertensive rats (Fig. 2b -Fig. 2e ).
Effect of HF (300 mg/kg/day, p.o.) for 4 weeks on cumulative concentration response curve on isolated rat stomach fundus strip in DOCA-salt induced hypertensive rats Chronic administration of HF (300 mg/kg) for 4 weeks in DOCA-salt induced hypertensive rats significantly (p < 0.05) shifted the cumulative concentration response curve of 5-HT to the right with suppression of maxima as compared to cumulative concentration response curve of DOCAsalt induced hypertensive rats on isolated stomach fundus strip (Fig. 5) .
Antihypertensive effect of HF (300 mg/kg) on fructose induced hypertensive rats Measurement of BP by noninvasive (indirect) method The systolic BP in vehicle treated rats was observed in a close range. Administration of fructose significantly increased SBP from 108 ± 1.03 mmHg to 179 ± 2.59 mmHg. The HF (300 mg/kg, p.o.) when administered with fructose significantly reversed the hypertensive effect of fructose. HF did not exhibit any significant change in systolic BP. Administration of HF (300 mg/kg/day, p.o.) for 6 weeks in fructose-induced hypertension in rats significantly (p < 0.05) reduced the systolic BP as compared with fructose induced hypertensive rats alone, implying an antihypertensive effect of HF (Fig. 3) .
Fructose treatment for 6 weeks in normal rats produced a significant elevation (p < 0.05) means arterial BP (131 ± 5.11 mmHg) as compared to control rats (99 ± 4.00 mmHg). Chronic administration of HF (300 mg/kg/day, p.o.) for 6 weeks did not alter BP as compared to control. However, chronic administration of HF (300 mg/kg/day, p.o.) for 6 weeks in fructose-induced hypertensive rats significantly (p < 0.05) reduced mean arterial BP (106 ± 3.42 mmHg) as compared with mean arterial BP (131 ± 5.11 mmHg) of fructose-induced hypertensive rats implying an antihypertensive effect (Fig. 4a) .
Effect of HF (300 mg/kg/day, p.o.) for 6 weeks on vascular reactivity to NA, Adr, PE and 5-HT in fructose induced hypertensive rats Presssor responses to NA, Adr, PE and 5-HT were not altered in case of HF (300 mg/kg/day, p.o.) treated rats as compared with control rats. Pressor responses to NA, Adr, PE and 5-HT were significantly (p < 0.05) increased in case of fructose induced hypertensive rats as compared with control rats. Pressor responses to 5-HT were significantly (p < 0.05) reduced in case of fructose induced hypertensive rats that received HF (300 mg/kg/day, p.o.) for 6 weeks as compared with fructose induced hypertensive rats (Fig. 4b -4e) .
Effect of HF (300 mg/kg/day, p.o.) for 6 weeks on cumulative concentration response curve on isolated rat stomach fundus strip in fructose induced hypertensive rats Chronic administration of HF (300 mg/kg) for 6 weeks in fructose induced hypertensive rats significantly (p < 0.05) shifted the cumulative concentration response curve of 5-HT to the right with suppression of maxima as compared to cumulative concentration response curve of fructose induced hypertensive rats on isolated stomach fundus strip (Fig. 6) .
DISCUSSION
The aim of the present study was to investigate the antihypertensive property of a folklore herbal formulation in DOCA-salt induced and fructose induced hypertensive rats. The study showed that chronic administration of HF (300 mg/kg/day, p.o.) for 4 weeks significantly reduced BP of unilateral nephrectomized DOCA-salt hypertensive rats. Chronic administration of HF (300 mg/kg/ day, p.o.) for 6 weeks significantly reduced BP in fructose induced hypertensive rats. However SBP and MABP did not alter in normotensive rats in both models. This shows that HF (300 mg/kg/day, p.o.) possess antihypertensive property. Female rats were used in the DOCA-salt hypertensive model as they appear to be more susceptible to development of hypertension (Greenberg et al., 1973; Balaraman et al., 1989) .
Most of the ingredients of HF are known to have beneficial effects on the heart. T. chebula has been reported to act directly on the heart muscle. The negative chronotropic, inotropic and hypotensive responses observed with it might protect the myocardium by decreasing its overload (Srivastava et al., 1991) . N. nucifera (Chopra et al., 1969) and Z. officinale (Bone and Gupta, 1997) are being recommended as cardiotonic in traditional medicines and have been scientifically proved. T. chebula (Inamadar and Rajarama 1962), H. rosasinensis (Mishra et al., 1999) and E. alba (Gupta et al., 1976) have been proved to have beneficial effects on cardiovascular system. The free radical scavenging properties of G. glabra (Takagi and Sanashiro 1996; Alam and Gomes 1998), T. chebula (Aeshbaech et al., 1994) , H. indicus (Chandra et al., 1987) , Z. officinale (Sreeramamurthy et al., 1993) and E. alba (Kim and Hong, 1996) might synergistically enhance the antihypertensive efficacy of folklore HF.
There was an increase in SBP in DOCA-salt treated hypertensive rats at 4 th week and fructose induced hypertensive rats at 6 th week as measured by NIBP. HF did not exhibit any significant change in SBP. Administration of HF (300 mg/kg/day, p.o.) for 4 weeks in DOCA-salt induced hypertension in unilateral nephrectomized rats and in fructose induced hypertensive rats significantly (p < 0.05) reduced the systolic BP as compared to respective controls. Vascular reactivity to NA (2 µg/kg), Adr (2 µg/kg), PE (2 µg/kg) and 5-HT (2 µg/kg) was measured by IBP technique in DOCA-salt treated hypertensive rats and fructose hypertensive rats. As described earlier by Balaraman et al., (1993) reduction in vascular reactivity to various agonists by HF (300 mg/kg/, p.o., per day) in DOCA-salt treated hypertensive rats and fructose hypertensive rats suggests that there is alteration in the sensitivity of the adrenoceptors to NA, Adr, PE and 5-HT.
At the end of the treatment schedule rats from both models were sacrificed and fundus strip was removed for recording the CCRC of 5-HT. 5-HT 2B antagonistic activity of HF was depicted by shift of CCRC of 5-HT towards the right with suppression of the maxima.
The hypertensive mechanism due to chronic administration of DOCA-salt has been well documented. DOCA-salt being a mineralocorticoid causes salt and water retention and contributes to the development of hypertension. Absence of antihypertensive substances normally produced by kidney such as prostaglandins (PGs) may influence the pathogenesis of this type of hypertension. Alteration of central serotonergic level: 5-HT, 5-hydroxy indole acetic acid (5-HIAA) and tryptophan increase in certain brain regions have been reported (Dawson et al., 1988) . Upregulation of arterial serotonin 1B and 2B receptors, in DOCA salt and L-NAME hypertensive rats is decreased by 5-HT 2B antagonist LY-272015 (Watts et al., 1997; Cohen et al., 1996) . Brain reticular activating system (RAS) regulates BP in DOCA-salt hypertensive rats and its mechanism of action is closely related to changes in Na + excretion and vasopressin and the baroreceptor (Bereck et al., 1982) . Fructose induced hypertension model gives clue about the role of dietary changes in hypertension, which has become an important factor of modern life style. The mechanism of fructose-induced hypertension is not clear. Recent studies have shown that a high fructose diet is associated with 6 . Effect of HF (300 mg/kgday, p.o.) for 6 weeks on CCRC of 5-HT on isolated rat fundus strip in control, 10% fructose, 10% fructose + HF (300 mg/kg) and HF (300 mg/kg) treated groups. *P < 0.05 as compared with control group. # P < 0.05 as compared with Fructose hypertensive rats. Vertical lines represent S.E.M. n = 5.
